We performed a cross-sectional study in 123 Chinese multiple sclerosis patients residing in Hong Kong to evaluate their anti-John Cunningham virus status using STRATIFY JCV DxSelect assays. Anti-John Cunningham virus antibody was present in 98/123 (80%) subjects, among which 75/98 (77%) had an anti-John Cunningham virus index 1.5. Anti-John Cunningham virus antibody seropositivity was not correlated with age, disease duration, Expanded Disability Status Scale scores, types of multiple sclerosis (relapsing vs progressive), or disease-modifying treatments used. We found a very high seroprevalence and index of anti-John Cunningham virus antibodies in Chinese multiple sclerosis patients, which may impact the risk assessment and recommendation of disease-modifying treatments in this population.
Background
Despite having a lower disease prevalence, there is an unmet need for Chinese patients with highly active relapsing multiple sclerosis (MS), or patients who have failed to respond to standard treatments. 1 More disease-modifying treatments (DMTs), including fingolimod, natalizumab, and, recently, dimethyl fumarate, teriflunomide, and alemtuzumab, have been introduced to Hong Kong. Nevertheless, the increased risk associated with opportunistic infection of progressive multifocal leukoencephalopathy (PML) and DMT use is a huge concern for health authorities, neurologists, and patients. [2] [3] [4] Assessment of antibody status against John Cunningham virus (JCV) is recommended as a risk-stratification tool for natalizumab at drug-initiation and monitoring. 2, 5 Yet there is no data on the seroprevalence of anti-JCV antibodies (anti-JCV-Abs) in Chinese patients to help clinicians interpret results and guidelines in practice. 5, 6 We performed a cross-sectional study in
Chinese patients with MS, aiming to (a) investigate the seroprevalence of anti-JCV-Abs in Chinese MS patients, and (b) identify the associations between clinical characteristics and seropositivity of anti-JCV-Abs. .0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage). 7 The study was approved by the Clinical Research Ethics Committee (CREC-2013.292) and all subjects gave written informed consent.
Methods and subjects

Laboratory assays
All study samples were shipped from Hong Kong to Unilabs (Copenhagen, Denmark) and stored at a low temperature (<-70 C), until analyzed. Stratify JCV ELISA (STRATIFY JCV DxSelect kit) was used to detect and confirm the presence of anti-JCV-Abs in serum. 5, 8 In brief, enzyme-linked immunosorbent assay (ELISA) plates were pre-coated with John Cunningham (JC) virus-like particles (VLPs). Samples tested with an index <0.20 were reported as 'seronegative', and an index >0.40 as 'seropositive'. For an index between 0.20-0.40, samples were reported as 'indeterminate', and a confirmatory assay was performed; samples were pre-inhibited with JC VLPs, and the assay was repeated with an uninhibited sample to measure the percentage inhibition; these samples would be reported as 'positive' if inhibition was >45%, or 'negative' if inhibition was 45%. The study was performed in compliance with the International Organization for Standardization (ISO) 17025, and in accordance with Good Clinical Practices and Good Clinical Laboratory Practice as appropriate.
Results Figure 1 shows the patient characteristics in our study. A total of 131 subjects were recruited between 2013-2017. Eight (6%) subjects were excluded in the analysis for non-MS diagnoses (four clinically isolated syndrome (CIS), four NMOSD). Among 123 subjects analyzed, 15 (12%) subjects underwent repeated testing annually. The MS disease course was relapsing-remitting in 104 (84%), secondaryprogressive in seven (6%), and primary-progressive in 12 (10%) subjects. Ninety-six (78%) subjects were female. The median age and disease duration were 36 years (interquartile range (IQR) 28-45) and five years (IQR 2-11), respectively. The median Expanded Disability Status Scale (EDSS) score was 2.0 (IQR 0-5.0). Among relapsing MS subjects, 33 (32%) were treatment-naïve. The ongoing DMTs used were interferon-beta (n ¼ 56, 54%), fingolimod (n ¼ 7, 7%), and DMF (n ¼ 1, 1%). 4%), and >1.5 (78%), respectively. Subjects with anti-JCV-Abs were of older age (37 vs 32 years), had lower EDSS scores (2.0 vs 3.0), and had shorter disease duration (4.7 vs 5.5 years); but the differences did not reach statistical significance (p>0.05). There was no significant association of anti-JCV-Ab seropositivity with gender (male 74%, female 81%, p ¼ 0.41), or types of DMT used (interferonbeta: 73%, fingolimod: 86%, dimethyl fumarate: 100%, p ¼ 0.32). In a univariate regression model, age, gender, disease duration, and EDSS score did not predict seropositivity of anti-JCV-Ab.
Among 15 subjects who had repeat testing of anti-JCV-Abs, 12 (80%) subjects remained at the same level of serostatus; two (13%) sero-converted and one (7%) sero-reverted. The anti-JCV index changed from 0.28 to 0.48, and 0.16 to 2.60 in the seroconversion subjects, and 0.29 to 0.23 in the seroreversion subject (reported as indeterminate in the second assay). Four subjects had a third JCV assay and their anti-JCV indexes did not change significantly (0.84, 0.43, 0.76; 2.89, 2.43, 3.06; 3.8, 3.18, 2.94; 3.35, 3.35, 3.95; p ¼ 0.17). None of the study subjects developed PML during the study period.
Discussion
We identified a prevalence of anti-JCV-Abs in 80% Chinese MS patients, which is the highest reported rate in the world (47-68%, Figure 2) . 9, 10 The majority of seropositive MS patients also have a high anti-JCV index (1.5), and the sero-status appear to remain unchanged for most subjects in subsequent years. These findings may impact the recommendation of DMT for Chinese MS patients. 6 The changing paradigm of MS management in recent years has shifted the therapeutic aim from Figure 2 . Seroprevalence of anti-John Cunningham virus antibody (JCV-Ab) in multiple sclerosis (MS) patients across different regions in the world. 8, 9 Prior exposure to natalizumab was highly variable (0-98%). *Sample size of studies is shown in the number of individual bars. reducing relapses and disability to achieving an absence of clinical or magnetic resonance imaging (MRI) activity. 11 Prompt escalation or induction use of potent DMTs is now advocated by neurologists, who are often engaged in discussions on the potentially severe side effects, including PML. Invariably, patients with high anti-JCV index may not want to be exposed to the risk of PML. 9 In other words, patients who have developed highly active disease might consider DMTs with a lower risk of PML, when balancing efficacy and other serious side effects. Further longitudinal studies are required to identify the cause of high prevalence in Chinese people, as a lower seroprevalence (36%) and proportion with high anti-JCV index (1.5, 48%) was noted in Perth (personal communication, Communication with Allan Kermode, 17 March 2018), a city of similar latitude and longitude as Hong Kong but in the Southern hemisphere with predominant Anglo-Celtic ethnicity.
Conclusion
The majority of Chinese MS patients in Hong Kong have anti-JCV-Abs and high anti-JCV indexes, which may impact the choice of DMT.
